A new species of tuco-tuco, genus Ctenomys, is described from sandy soils on the western slopes of the state of Rio Grande do Sul in southern Brazil. This species is distinguished from other named members of this South American endemic genus by several characteristics. Diagnostic traits for this proposed species are a diploid number of 50 chromosomes and an autosomal fundamental number of 68 arms, with the 1st pair much longer than in other related species. Qualitative and quantitative (geometric morphometrics) analyses of the skull morphology and phylogenetic analysis of the mitochondrial cytochrome-b gene support species status, especially when compared with phylogenetically related and geographically neighboring species. Populations of this species have a narrow geographic distribution in a small area (~500 km 2 ) that has been suffering from anthropogenic pressure from soybean, pine, and eucalyptus plantations, as well as desertification. This scenario suggests that this species could be characterized as endangered.
The Neotropical subterranean rodents of the genus Ctenomys (tuco-tucos) comprise more than 60 described species (Lacey et al. 2000) . They have been considered one of the most chromosomally variable mammals, with karyotypes ranging from a diploid number (2n) of 10-70, and are a model for studies of speciation and evolution (Freitas 2006; Lopes 2011; Mirol et al. 2010; Reig et al. 1990 ). The relatively recent origin of the genus (Verzi et al. 2010 ) and its high species diversity suggest an explosive speciation event in tuco-tucos, which may be the reason for the unresolved basal relationships among species for all phylogenetic analyses performed with mitochondrial DNA (mtDNA-D'Elía et al. 1999; Lessa and Cook 1998; Mascheretti et al. 2000; Parada et al. 2011; Slamovits et al. 2001 ) and with nuclear loci (Castillo et al. 2005) . The most recent phylogenetic analysis, with a wide taxonomic and geographic coverage, identified 8 relatively well-supported clades that comprise groups of tuco-tuco species (Parada et al. 2011) .
The torquatus group is composed of geographically neighboring species, which generally show high karyotypic polymorphism. A complex of the species C. roigi (2n ¼ 48), C. perrensi (2n ¼ 50), C. dorbignyi (2n ¼ 70), and several forms of uncertain taxonomic status (2n ¼ 42-65) were found in Corrientes, Argentina, where the intricate pattern of genetic and karyotypic organization among these metapopulations was attributed to the unstable dynamics of the habitat (Mirol et al. 2010) . Ctenomys pearsoni (2n ¼ 56-70) is another chromosomally polytypic species of the torquatus group and inhabits the coastal plains of southern Uruguay by the Rio de la Plata and the Atlantic Ocean, with some populations in Argentina (Garcia et al. 2000) . On the southern Brazilian coastal plain, 2 species show high levels of chromosomal variability. A total of 45 karyotypes were described for C. minutus (2n ¼ 42-50-w w w . m a m m a l o g y . o r g Freitas 1997; Lopes 2011) and 26 distinct karyotypes for C. lami (2n ¼ 54-58), which has an extremely restricted geographic range (Freitas 2001) . Finally, C. torquatus, the nominate species of the group, inhabits the grasslands of southern Rio Grande do Sul, Brazil, and northern Uruguay. Despite its wide geographic range, there is a most common and widespread chromosomal form (2n ¼ 44), and only some restricted karyotypic polymorphisms in the southern (2n ¼ 46) and western (2n ¼ 40 and 42) parts of its distribution (Fernandes et al. 2009b; Freitas and Lessa 1984; Gonçalves and Freitas 2009) .
Between 2007 and 2011, while we were trying to sample the geographic distribution of C. torquatus in western Rio Grande do Sul, we found new localities where the specimens seemed to be slightly differentiated. Surveys of cytogenetic, morphometric, phylogenetic, and geographic information suggested that these specimens, collected in the Manoel Viana municipality and initially presumed to be C. torquatus, in fact represent a separate taxon. This report describes this new species of Ctenomys, and compares its populations with species of the torquatus group and other congeners.
MATERIALS AND METHODS
Samples and cytogenetic analysis.-A total of 34 individuals were collected from localities L1, L2, L3, L5, and L6 ( Fig. 1 ; Table 1 ). In locality L4, burrows were observed in the field, but no individuals were collected. The specimens were caught alive using Oneida Victor No. 0 traps (Oneida Victor Inc. Ltd, Cleveland, Ohio) with a rubber cover, anesthetized, and measured, and a small piece of the ear was cut off and stored in absolute ethanol.
Some individuals from each new locality were killed to obtain karyotypes and specimen vouchers: all 16 specimens from L1 and L2, 6 from L5, and 1 specimen from each of L3 and L6. One hour before the procedure, colchicine (0.01%) was administered at 1 ml/100 mg of body weight. Samples of femur marrow were incubated in hypotonic solution for 20 min and fixed in methanol : acetic acid (3:1). Cytogenetic analysis was performed following Ford and Hamerton (1956) . The tissue samples, skulls, and skins were deposited in the Mammal Collection of the Departamento de Genética, Universidade Federal do Rio Grande do Sul, Brazil. All work with the animals was done with the permission of Sisbio-IBAMA (the official Brazilian environmental protection agency) and following guidelines approved by the American Society of Mammalogists (Sikes et al. 2011 Geometric morphometrics approach.-The sample consisted of 16 skulls of adult specimens (6 males and 10 females) collected at 5 localities in Manoel Viana and Maçambará municipalities, western Rio Grande do Sul ( Fig.  1 ; Table 1 ). We compared these specimens with skulls from different species of the torquatus group: C. lami (n ¼ 30), C. minutus (n ¼ 30), C. pearsoni (n ¼ 30), C. perrensi (n ¼ 9), C. roigi (n ¼ 7), and C. torquatus (n ¼ 30). All specimens had been previously deposited in collections or museums (Appendix I).
Each skull was photographed in dorsal, ventral, and lateral views with a digital camera at 3.1 megapixels resolution (2,048 3 1,536). Two-dimensional morphological landmarks were defined for dorsal (29), ventral (30) , and lateral (21) views of the skull, respectively (Fernandes et al. 2009a ). The coordinates of each landmark were obtained using tpsDig 1.40 software (Rohlf 2004) . Coordinates were superimposed using a generalized Procrustes analysis algorithm (Dryden and Mardia 1998) . The size of each skull was estimated using its centroid size, the square root of the sum of the squares of the distances of each landmark from the centroid (Bookstein 1991) .
Size was compared among species with a 1-way analysis of variance (ANOVA) of centroid size values and for multiple comparisons we used Tukey's test. Principal component analysis was carried out using the variance-covariance matrix of generalized least-squares superimposition residuals (Baylac et al. 2003; Cordeiro-Estrela et al. 2006) . Principal components of the covariance matrix of superimposition residuals were used as new shape variables, to reduce the dimensionality of the data set as well as to work on independent variables. The matrixes of principal component analysis scores for each view of the cranium (dorsal, ventral, and lateral) were joined into 1 total matrix. Shape differences among species were tested through multivariate analysis of variance (MANOVA) and Bonferroni correction for multiple comparisons. To choose the number of principal components to be included in the linear discriminant analysis, we computed correct classification percentages with each combination of principal components (Baylac and Friess 2005) . We selected the subset of principal components giving the highest percentages of correct classification. We used a leave-one-out cross-validation procedure that allows an unbiased estimate of classification percentages (Baylac and Friess 2005) .
Cross-validation is used to evaluate the performance of classification by linear discriminant analysis. In the leave-oneout cross-validation, all the data except those for 1 individual are used to calculate the discriminant function, and the individual not used is then classified (Cordeiro-Estrela et al. 2006) . The visualization of shape differences between species (the new species Ctenomys sp. 3 C. torquatus, Ctenomys sp. 3 C. dorbignyi, Ctenomys sp. 3 C. perrensi, and Ctenomys sp. 3 C. roigi), for the 3 skull views, was obtained through multivariate regression of discriminant axes of the shape variables. Mahalanobis distances were used to compute a neighbor-joining tree to visualize the morphological relationships among species. For all statistical analyses and to generate graphs, we used the R language and environment for statistical computing version 2.2.1 for Linux (R Development Core Team 2005) and the following libraries: MASS (Venables and Ripley 2002) , APE version 1.8-2 (Paradis et al. 2004) , and GenKern 1.1-0 (Lucy and Aykroyd 2004) . Geometric morphometric procedures were carried out with the Rmorph package , a geometric and multivariate morphometrics library.
Molecular methods and phylogenetic analysis.-The tissue samples (preserved in absolute ethanol and refrigerated at À208C) were obtained from the 34 specimens. The total DNA was extracted following Medrano et al. (1990) .
The mitochondrial cytochrome-b gene was amplified using the 2 primer sets MVZ05-tuco06 and tuco07-tuco14a (Smith and Patton 1999; Wlasiuk et al. 2003) . Polymerase chain reaction amplifications were carried out in a reaction volume of 20 ll containing 20-80 ng of DNA, 0.2 lM of each primer, 0.2 lM of deoxynucleoside triphosphate, 1x polymerase chain reaction buffer, 1.5 mM MgCl 2 , and 1.0 unit of Taq DNA polymerase (Invitrogen São Paulo, São Paulo, Brazil). The thermocycling profile included an initial denaturing at 948C for 5 min, followed by 30-34 cycles of denaturing at 948C for 30 s, annealing at 458C for 30 s, extension at 728C for 45 s, and a final extension at 728C for 5 min. Polymerase chain reaction products were purified using Exonuclease I and Shrimp Alkaline Phosphatase (GE Healthcare São Paulo, São Paulo, Brazil) following the guidelines of the suppliers, and sent for sequencing at Macrogen Inc. (Geumcheon-gu, Seoul, Korea), using the forward primer.
Sequence electropherograms were visually inspected using Chromas 2.31 (http://www.technelysium.com.au/chromas_lite. html) and the 2 partially overlapping fragments obtained were aligned using Clustal W, implemented in MEGA 5.0 (Tamura et al. 2011) . Alignments were checked and edited by hand.
Measurements of mtDNA diversity, including the mean number of pairwise differences (Nei 1987) , definitions of haplotypes, and haplotype diversity, were calculated in the program DnaSP 5.0 (Librado and Rozas 2009) . A medianjoining haplotype network was constructed in Network 4.6 (http://www.fluxus-engineering.com/sharenet.htm).
The interspecific analyses were performed using the cytochrome-b haplotypes found for those samples, together with 54 different recognized species and sequences from tucotucos of undefined taxonomic status, available in GenBank (accession numbers provided in Appendix II). We also included 5 haplotypes of C. torquatus from localities around the geographic range of the new species: H1, H2, and H3 from Alegrete municipality, and IT1-UR1 and IT2 from Itaqui and Uruguaiana municipalities (Fig. 1) . The octodontid Octodon degus was incorporated as outgroup.
Uncorrected genetic distances (p-distance) were computed for all pairs of sequences using MEGA. Distance also was computed between species within the torquatus group, but for the new species and for C. torquatus, the p-distance was computed considering the mean distance for all haplotypes listed in Appendix II.
We performed a maximum-parsimony analysis with PAUP* 4.0b10 (Swofford 1998), based on a heuristic search using 1,000 replicates of random taxon addition, and tree-bisectionreconnection branch swapping, storing a maximum of 10,000 trees. Support for nodes was assessed using nonparametric bootstrapping with 1,000 replications.
In addition, a maximum-likelihood analysis was performed under the HKY þ I þ G model selected by Modeltest 3.06 (Posada and Crandall 1998) based on the Akaike information criterion. In addition to the molecular evolution model, 5 substitution categories with an estimated gamma distribution parameter (1.18), proportion of invariant sites (0.49), and the transition : transversion ratio (8.79) were estimated by Modeltest. Maximum-likelihood searches were carried out with PhyML (Guindon and Gascuel 2003) , starting with a neighborjoining tree, following the nearest-neighbor interchange branch swapping and empirical base frequencies. Clade support was assessed by bootstrapping with 1,000 replicates. The maximum-likelihood analysis was performed at the online South of France bioinformatics platform (Guindon et al. 2010) .
Bayesian inference was carried out using the program BEAST 1.6.2 (Drummond and Rambaut 2007) . We used a Yule tree prior and the relaxed (uncorrelated lognormal) molecular clock, and the search was performed with the model chosen using Modeltest (HKY þ I þ G) and the SRD06 substitution model (Shapiro et al. 2006) , which allow partitioning data considering the 1st and 2nd codon positions in a separate partition from the 3rd position. This model incorporates information from the genetic code, and this has been suggested to optimize the performance for coding sequences (Shapiro et al. 2006) . Two independent Markov chain Monte Carlo runs were performed with 30 million generations, sampling trees every 1,000 generations, using the computational resources of Bioportal from the University of Oslo (https://www.bioportal.uio.no). The effective sample sizes of parameters sampled from Markov chain Monte Carlo were verified to be higher than 200 using the software TRACER 1.5 (http://tree.bio.ed.ac.uk/software/tracer/). Independent runs were summarized in TreeAnnotator 1.6.2 (Drummond and Rambaut 2007) ; the first 10% of trees (3,000) were discarded and the remaining trees were used to infer a maximum a posteriori tree that was visualized in FigTree 1.3.1 (http://tree. bio.ed.ac.uk/software/figtree/). Etymology.-The name ibicuiensis refers to the Ibicuí River near the type locality. Moreover, the word ibicuí in the TupiGuarani language means sand dunes (or terra de areia in Portuguese), exactly the habitat where these tuco-tucos live.
RESULTS
Geographic distribution.-Ctenomys ibicuiensis is known only from 6 sites, most of them in Manoel Viana and 2 in Maçambará municipalities, in western Rio Grande do Sul, southern Brazil, and at an elevation of approximately 200 m (Fig. 1) .
After capturing the animals from the 1st locality (L1), we searched through the Manoel Viana, São Francisco de Assis, Maçambará, Itaqui, São Borja, Santo Antônio das Missões, and Santiago municipalities for new collection sites of C. ibicuiensis. However, we found the specimens at only the few localities shown in Fig. 1 .
Ctenomys torquatus has been recorded along the entire south bank of the Ibicuí River, including Alegrete municipality just south of Manoel Viana. This species was only found on the north bank near the mouth of the Ibicuí River, in Itaqui municipality, more than 100 km west of the known range of C. ibicuiensis. No tuco-tuco population, of either species, was found between these localities (see stars in Fig. 1) .
In spite of the predominance of sandy soil, we did not find populations of C. ibicuiensis west and northwest of the localities L1-L6, nor did we find mention of its occurrence from folk knowledge of local residents. The geographic distribution of C. ibicuiensis is bordered on the east by the Serra do Iguariaçá, a mountain range of basaltic geomorphology that is part of the Meridional Plateau in an Atlantic Forest biome. Probably due to the characteristics of this landscape, there is no record of tuco-tucos in this region.
Karyotype analysis.-These individuals showed a diploid number of 50 chromosomes and an autosomal fundamental number of 68 arms; their 1st submetacentric pair was much longer and the 11th acrocentric pair relatively longer than observed in the other related species. This karyotype has 10 biarmed and 14 acrocentric pairs (Fig. 3) . The sexual pair in males is formed by a medium-sized X-metacentric and small Y-acrocentric chromosome.
Geometric morphometric analysis.-Skull size: By ANOVA, we found significant differences in skull centroid size for dorsal (F 6 ¼ 7.901, P , 0.001), ventral (F 6 ¼ 8.638, P , 0.001), and lateral (F 6 ¼ 11.88, P , 0.001) views of the skull. For pairwise tests, C. ibicuiensis showed significant differences only from the larger C. torquatus (dorsal view: P ¼ 0.0004, ventral view: P ¼ 0.0001, and lateral view: P ¼ 0.006; for all views of pairwise tests d.f. ¼ 15); C. torquatus always had a larger skull than C. ibicuiensis. Skull shape: The linear discriminant analysis showed the highest percentages of correct classification for the dorsal and lateral views of the skull, and in all analyses, C. ibicuiensis was correctly classified more than 87% of the time (Table 2) . For MANOVA results, we found significant differences in skull shape for dorsal (Wilks' k ¼ 0.0001, F 6 ¼ 5.781, P , 0.001), ventral (Wilks' k ¼ 0.0001, F 6 ¼ 5.172, P , 0.001), and lateral (Wilks' k ¼ 0.0002, F 6 ¼ 7.583, P , 0.001) views of the cranium. All pairwise comparisons of C. ibicuiensis with species from the torquatus group were significant (Table 3 ). In Fig. 4 , the graphs of the discriminant analyses show the variation in skull shape for C. ibicuiensis and other species from the torquatus group. The plots of discriminant analyses for 3 views of the skull show C. ibicuiensis with intermediate scores on the 1st axis, among other species (Figs. 4A, 4E, and 4I). For the ventral view of the skull, the 2nd axis shows positive scores for C. ibicuiensis (Fig. 4E ). The main difference in skull shape was the rostrum length, which is proportionally shorter in C. ibicuiensis (Figs. 4C and 4G ). The unrooted neighbor-joining tree of Mahalanobis distances for 3 views of the skull pooled, as in the discriminant analysis, placed C. ibicuienesis between 2 subgroups. On one side there are the southern Brazilian species C. lami and C. minutus, and on the other side the species C. torquatus, C. pearsoni from Uruguay, and C. perrensi and C. roigi from Argentina (Fig. 5 ). In the phenogram (Fig. 5) , C. ibicuiensis takes an intermediate place among Brazilian Ctenomys species (C. lami, C. minutus, and C. torquatus).
Qualitative morphological skull traits.-The skull of C. ibicuiensis is shorter than that of C. torquatus, and is more similar to the juveniles than to the larger skulls and robust zygomatic arches in adult C. torquatus. The jugal process is smaller in C. ibicuiensis, and in general the cranium is more compact than in C. torquatus.
Phylogenetic analysis.-The 1,110 base pairs of the cytochrome-b gene resulted in 14 polymorphic sites that provided 10 haplotypes for the 34 specimens of C. ibicuiensis examined (Table 1 ; GenBank accession number in Appendix II). The nucleotide and haplotype diversities were 0.00413 and 0.88, respectively. Fig. 6A shows a network representing the relationships among the haplotypes shaded by sampling locality. Despite the overall small number of samples, there was high haplotype diversity, mainly for L1, where a larger number of specimens were collected (see Table 1 ). All haplotypes were exclusively from 1 locality, except haplotype H9, which was shared between L5 and L6, which are neighboring sites (Fig. 1) .
The intraspecific p-distance among haplotypes of C. ibicuiensis varied from 0.1% to 0.8%. Within the torquatus group, the range of interspecific divergence was from 0.3% (C. lami and C. minutus) to 4.8% (C. pearsoni and C. ibicuiensis).
Other comparisons are given in Table 4 . There were no values of divergence lower than 3.7% between C. ibicuiensis and other species of the torquatus group (Table 4) . Similarly, there were no values lower than 4.8% comparing C. ibicuiensis and any species of the genus Ctenomys outside of the torquatus group (data not shown).
Topologies obtained from maximum-parsimony, maximumlikelihood, and Bayesian inference approaches were congruent, except in relation to nodes with weak support on the basis of the phylogeny. Therefore, we present only the Bayesian inference phylogeny (Fig. 6B) . On the whole, the phylogenetic analyses recovered the 8 species groups of Ctenomys that were distinguished by Parada et al. (2011) .
A single clade, with strong support, was recovered for all cytochrome-b haplotypes of the new species (see the grayshaded clade in Fig. 6B ). C. ibicuiensis belongs to the torquatus group, which is represented as clade D in Fig. 6B . This group is composed of 3 major clades: the C. ibicuiensis haplotypes; the southern Brazilian species C. torquatus, C. minutus, and C. lami; and the perrensi species complex and C. pearsoni.
DISCUSSION
Before this study, 7 species of tuco-tucos had been described in Brazil. Three of them, Ctenomys rondoni, C. bicolor, and C. nattereri, are still poorly understood; only a few records of these species have been reported in the state of Mato Grosso (Miranda Ribeiro 1914) . The other 4 species of tuco-tucos, C. torquatus, C. minutus, C. flamarioni, and C. lami, occur in southern Brazil, in the states of Rio Grande do Sul and Santa Catarina (Fernandes et al. 2007 ). The type species of the genus, C. brasiliensis, until recently was presumed to have been described from Brazil, specifically in the state of Minas Gerais. Because it was never collected again in that state, a recent investigation showed that, in fact, it came from Minas locality, southern Uruguay (Fernandes et al. 2012 ). The present study adds 1 more species to the mammal diversity of Brazil, on the basis of strong phylogenetic, chromosomal, and morphological evidence.
Chromosomal evidence.-In addition to the numbers of chromosomes and arms (fundamental number) that are different between C. ibicuiensis and other Ctenomys species in southern Brazil, the chromosomal morphology is the most important diagnostic characteristic that differentiates the karyotype of the new species. Peculiarities of this karyotype are the long submetacentric 1st pair and the relatively longer acrocentric 1st pair in comparison with other acrocentric pairs (Fig. 3) . The diploid number of 50 chromosomes also is found in C. minutus, in which the karyotypes range from 2n ¼ 42 to 50 (Freitas 1997) . However, C. ibicuiensis and the C. minutus forms with 2n ¼ 50 are morphologically very different, because the latter species, which occurs on the Rio Grande do Sul coastal plain, has 14 biarmed and 10 acrocentric pairs of chromosomes (Freitas 1997) .
Ctenomys torquatus is one of the most widely distributed species of Ctenomys, ranging from central Uruguay to central Rio Grande do Sul in southern Brazil. Its karyotypes range 
FIG. 4.-Skull shape variation of Ctenomys ibicuiensis for A-D) dorsal, E-H) ventral
, and I-L) lateral views, compared with species from the torquatus group. Shown are a plot of discriminant analyses with the first 2 axes (A, E, and I); frames of shape differences on the 1st axis (B, F, and J) and 2nd axis (C, G, and K); and indication of landmarks in dorsal, ventral, and lateral skull views of (D, H, and L, respectively). Frames represent extreme morphologies; the solid lines depict shape on the positive scores of discriminant axis, and the dotted lines on the negative ones. The percent of variance explained for each axis is given in parentheses. from 2n ¼ 40 to 46, with a metacentric 1st pair and Robertsonian rearrangements thought to be responsible for the variation in chromosome numbers (Fernandes et al. 2009b) .
The karyotypes of other species in southern Brazil are morphologically and numerically different. C. lami has 2n ¼ 54-58, and C. flamarioni exhibits 2n ¼ 48 (Freitas 1994) . In Uruguay, C. pearsoni has 2n ¼ 56, 64, 66, or 70 (Kiblisky et al. 1977; Novello and Lessa 1986; Villar et al. 2005) , and C. rionegrensis has 2n ¼ 52 or 56 ). On the other side of the Uruguay River, in Argentina, the Corrientes species group (C. dorbignyi, C. perrensi, and C. roigi-Ortells and Barrantes 1994) shows 2n ¼ 42-70 . Although the members of this species group from Corrientes are closely related to C. torquatus with respect to karyotype morphology, they are phylogenetically distant ( Fig. 6B ; Fernandes et al. 2009b; Giménez et al. 2002) .
Morphometric comparisons.-The geometric morphometrics approach using data from coordinates of landmarks revealed significant differences in skull shape and size for C. ibicuienis compared with species from the torquatus group. Both geometric morphometric and qualitative analysis of the skull showed C. ibicuiensis to be more compact and smaller than C. torquatus.
Phylogenetic relationships.-The phylogenetic trees (Fig.  6B ) and the p-distances ( Table 4 ) clearly demonstrate that the cytochrome-b haplotypes of C. ibicuiensis represent a monophyletic group, and are unambiguously nested within the torquatus species group.
Although C. ibicuiensis presents an allopatric distribution in relation to C. torquatus, we found that these species are not closely related to each other when C. lami and C. minutus are considered in the analysis. In other words, C. torquatus is more related to species of the Rio Grande do Sul coastal plain, comprising a reciprocally monophyletic group regarding C. ibicuiensis (Fig. 6B) . Furthermore, the torquatus group (clade D) showed an early divergence among C. ibicuiensis, the subclade including C. torquatus, C. minutus, and C. lami, and the subclade comprising C. pearsoni and the perrensi species complex (Fig. 6B) .
The torquatus group was not well supported in the phylogenetic analysis for the genus Ctenomys performed by Parada et al. (2011) . However, this study did not include the new species described here. When we added C. ibicuiensis to the data set, the phylogenetic support for this group increased and internal relationships among taxa were clarified.
Phylogenetic reconstructions of the genus Ctenomys constantly result in a basal polytomy, although some species groups can be detached. The recent and explosive speciation of the ctenomyids has been suggested as responsible for such unresolved relationships (Parada et al. [2011] and references therein). Thus, in order to clarify phylogenetic relationship among Ctenomys species, future studies might consider analyzing additional loci and taxa, within groups in particular.
Different species of the torquatus group present adjacent or near geographic ranges. The westernmost localities of C. torquatus (2n ¼ 40, 44, and 42) and populations of Ctenomys sp. from Corrientes, Argentina (2n ¼ 42, 44, and 46) , inhabit opposite sides of the Uruguay River (Mirol et al. 2010; Fig. 1) . Morphological similarities between their karyotypes were previously investigated by Fernandes et al. (2009b) , in order to address their taxonomic status. In addition, cytochrome-b sequences were used to reconstruct phylogenetic relationships, which showed that C. torquatus and the species from Corrientes form 2 reciprocally monophyletic clades. Thus, there was no support for a subdivision attributed to karyotypes (Fernandes et al. 2009b ). In our study we described populations of C. ibicuiensis in southern Brazil with a karyotypic number that resembles C. perrensi from Corrientes (2n ¼ 50-Mirol et al. 2010) , but the phylogenetic analysis, in addition to karyotype morphology, provided new evidence of early divergence between the Brazilian and Argentinean lineages of tuco-tucos along the Uruguay River (Fig. 6B) . Fernandes et al. (2009a) made inferences regarding speciation mode and intraspecific variation for C. pearsoni and C. torquatus using geometric morphometrics and chromosomal polymorphism, considering their phylogenetic proximity between (Castillo et al. 2005) . Nevertheless, our study showed a closer association of C. pearsoni with C. dorbignyi, whereas C. torquatus is more related to the Brazilian coastal species C. lami and C. minutus (Fig. 6B) . These results open new perspectives for the application of fine-scale morphometric and karyotypic investigations within the torquatus group.
Conservation.-Tuco-tucos have been considered agricultural pests for decades because of their fossorial habits and, consequently, they are at risk of predation by humans (Massoia 1970; Pearson et al. 1968) . In Brazil, lack of knowledge about the areas of occurrence and life history of these small mammals has contributed to difficulties in developing conservation initiatives (Fernandes et al. 2007 ).
The situation of C. ibicuiensis is of utmost concern because of its small geographic range and restriction to sandy-soil grassland habitat. Such habitat specificity, combined with the low population density and patchy distribution typical of tucotucos, suggests that this species should be assigned the highest degree of rarity for mammals (category H), suggested by Yu and Dobson (2000) . In addition to its narrow distribution, populations of C. ibicuiensis also are endangered by intensive agricultural and silvicultural activities, and the expanding desertification in southwestern Rio Grande do Sul (Suertegaray et al. 2001) .
Recent studies have highlighted concerns regarding the conservation of flora in that region, because of its peculiar composition and the presence of endemic species such as Table 1 and Fig. 1 ), crosshatches represent mutational steps, and black points represent medium vectors. B) Phylogenetic tree of the cytochrome-b gene from ctenomyid species resulting from Bayesian analysis in BEAST. The haplotypes of C. ibicuiensis are shown in boldface and are shaded gray. Haplotype labels follow Appendix I. Numbers in nodes indicate support from posterior probability, likelihood bootstrap (%), and parsimony bootstrap (%), respectively. Hyphens (-) indicate nodes with posterior probability , 0.8 and bootstrap support , 60%. Vertical bars and letters A-H correspond to species groups and D indicates the torquatus group.
Froelichia tomentosa and Butia lallemantii. Nevertheless, the southern Brazilian grasslands are not adequately protected under current conservation policies Overbeck et al. 2007; Roesch et al. 2009 ). The present study adds a new mammal species endemic to the southwestern grasslands, intensifying concerns regarding the conservation of this region.
The findings reported here suggest that C. ibicuiensis occurs as an endemic species in a narrow region in western Rio Grande do Sul, which is one of the most endangered areas in southern Brazil (Fernandes et al. 2007) . Karyotype morphology, with a large 1st submetacentric chromosome, is a diagnostic trait for this species. The geometric morphometric and phylogenetic analyses support the distinctiveness of this species. The habitat specificity and historic demography must be further analyzed in order to assess factors that may have influenced the rarity and persistence of populations of C. ibicuiensis through evolutionary time. Furthermore, investigation of its genetic diversity is recommended to determine the current status of its populations and their potential for continued survival.
RESUMO
Uma nova espécie de tuco-tuco, gênero Ctenomys,é descrita para a região de solos arenosos no oeste do estado do Rio Grande do Sul, Brasil. Esta espécie distinguiu-se das demais espécies do gênero, endêmico da América do Sul, através de diversas abordagens. O número diplóide 2n ¼ 50 (número de braços autossômicos ou número fundamental NF ¼ 68) com o primeiro par consideravelmente maior que outras espécies relacionadas, são características diagnósticas para a nova espécie. Análises qualitativas e quantitativas de morfologia do crânio, utilizando morfometria geométrica, bem como análises filogenéticas do gene mitocondrial citocromo b, suportam este status, principalmente em comparação com outras espécies do gênero relacionadas filogeneticamente e próxima geograficamente. Com área de ocorrência restritaà aproximadamente 500 km 2 , esta espécie encontra-se extremamente ameaçada devidoà intensa produção de soja e silvicultura na região, além de processos de desertificação.
Este cenário sugere que a nova espécie seja categorizada como ameaçada. 
